the aim of this large study was to examine the associations of H pylori infection and peptic ulcer disease with stroke.
| MATERIAL S AND ME THODS

| Study design and population
A cross-sectional study was undertaken based on the computerized database of Maccabi Health Services (MHS), the second largest Health Maintenance Organization (HMO) in Israel. MHS HMO has two million insured persons, corresponding to ~25% of the population in Israel. Details on the study cohort were described elsewhere. 28, 29 The study included data of adults aged 25-95 years who performed the urea breath test (UBT) between 2002 and 2012.
Exclusion criteria were purchasing anti-H pylori therapy or protonpump inhibitors 4 weeks preceding the first UBT, bariatric surgery and cancer diagnosis within 3 years from UBT.
| Definition of the dependent variable
Stroke was determined based on entry to the MHS cardiovascu- 
| Definition of the independent variables
The main independent variables are H pylori infection and peptic ulcer disease. H pylori positivity was defined based on the UBT result of >3.5 per thousand. The presence of gastric ulcer and duodenal ulcer was determined based on the ICD-9, or corresponding internal diagnosis codes in MHS. 
| Possible confounders
Background diseases
Diabetes mellitus was defined based on entry to the MHS DM registry, 32 as well as hypertension. 33 Dyslipidemia was determined based on diagnoses codes (ICD-9 code 272.x and corresponding MHS internal codes), documented by a physician twice or more in the medical record. AF was defined based on entry to the MHS CVD registry using diagnoses codes (ICD-9 code 427.3x).
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Data were collected on smoking (categorized into ever, never, and unknown) and body mass index (BMI) calculated as weight in kilograms (kg)/height 2 in meters (m). Obesity was defined as BMI ≥ 30 kg/m 2 .
| Statistical analysis
The chi-square test was used to examine differences between persons with and without stroke according to sociodemographic variables, H pylori infection, and peptic ulcer disease. Age-adjusted associations of H pylori infection and peptic ulcer disease with stroke were examined using Cochran-Mantel-Haenszel test. Heterogeneity across age strata was assessed using the Breslow-Day test for heterogeneity.
Logistic regression models were fitted to examine adjusted associations of H pylori infection (based on UBT) and peptic ulcers with stroke, while adjusting for age, residential socioeconomic status, and background diseases. Interactions of H pylori infection with gastric and duodenal ulcers were assessed in these models. Unadjusted and adjusted ORs (aOR) and 95% CI were obtained from logistic regression models. Statistical significance was determined as P < 0.05.
Data were analyzed using IBM SPSS version 25 (IBM, Armonk, New
York, USA). towns, respectively (P for trend <0.001) ( Table 2 ). Stroke prevalence was significantly higher (P < 0.001) among people with than without obesity (1.7% vs 0.8%), and in people with hypertension (3.0%), DM (4.0%), and AF (10.5%) than in people without these conditions (0.3%, 0.7%, and 0.8%, respectively) ( Table 2 ).
| RE SULTS
| Associations of Helicobacter pylori infection and peptic disease with stroke
Overall, the prevalence of stroke was 1.0% in persons who were H pylori positive (by UBT) and 0.9% among those with a negative UBT result. Significant differences were found in stroke prevalence in persons with a diagnosis of gastric ulcer and duodenal ulcer compared to patients without a diagnosis code of these illnesses.
Adjusting for age yielded a stronger association between H pylori and stroke prevalence and weakened the associations of gastric ulcer and duodenal ulcer with stroke. There was no significant heterogeneity in these associations by age strata (Table 3) .
Three multivariable logistic regression models were fitted. In model 1, H pylori infection (based on UBT) was the main independent variable, while in models 2 and 3, gastric ulcer and duodenal ulcer were the main independent variables, respectively. Each model adjusted for sex, age (in years as a continuous variable), country of birth, residential socioeconomic status, and background diseases.
These adjusted models showed increased prevalence of stroke in Multivariable logistic regression models also showed that men compared to women had a 40% increased likelihood of stroke (P < 0.001), and risk increased by 7% for each year increase in age (aOR 1.07 [95% CI: 1.06-1.07]). Additionally, the negative dose-response association between residential socioeconomic status and stroke was maintained. Compared to patients who were born in Israel, those born in Asia/North Africa had a 29% increased likelihood of stroke (P = 0.01). The positive associations of hypertension, DM, and AF with stroke remained significant (P < 0.001) in these models, although the magnitude of the associations was weakened compared to the unadjusted results (Table S1 ).
| D ISCUSS I ON
In this large population-based study, we examined associations of H pylori infection and gastric and duodenal ulcers with stroke. We found that persons who had H pylori infection, and gastric and duodenal ulcers had significantly increased likelihood of stroke, independent of potential confounders and known risk factors for stroke:
16%, 25%, and 50%, respectively, compared to those without these conditions. These findings confirmed our hypothesis. Although the association between H pylori infection and stroke was significant, it was of small magnitude.
H. pylori infection is acquired during childhood 34 Some infected individuals develop peptic ulcers, usually in adulthood. 15, 16 The association between gastric and duodenal ulcers and stroke found in our study suggest that severe gastric inflammation induced by H pylori infection, which is associated with damage to gastric mucosa, 16 might be involved in stroke. These observations are in agreement with findings from well-designed prospective studies 39, 40 that demonstrated a higher risk for developing stroke in relation to peptic ulcer disease; the risk for stroke was elevated by 1.3-fold in one study 39 and by 2.2-fold in another study. 40 Patients treated in-hospital for peptic ulcer had a twofold higher risk of stroke compared with the general population. 41 Fang et al reported a 1.86-fold higher risk of ischemic stroke in patients with peptic ulcer compared to controls. 42 Collectively, our and others' findings 39, 40 suggest that prolonged gastric inflammation, leading to the development of damage in the gastric mucosa (ie, peptic disease), might be involved in cerebrovascular disease.
It is less likely that peptic disease directly affects the brain; however, crosstalk between the gastrointestinal tract and the central nervous system seems to be important in the development of neurological and cardiometabolic diseases. 43 AF, Atrial Fibrillation; BMI, body mass index; CI, confidence intervals; DM, Diabetes mellitus; FSU, Former Soviet Union; kg, kilogram; m, meter; OR, odds ratio; SES, socioeconomic status. *P < 0.001 for trend (degrees of freedom (df) = 4) **P < 0.001 for trend df = 3
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including positive associations of stroke with increased age, male sex, hypertension, and AF. These findings reinforce the validity of our data. Importantly, the observed positive associations of H pylori infection, and gastric and duodenal ulcers, with stroke remained significant even after controlling for these factors.
Limitations of the current study should be acknowledged.
The cross-sectional study design is a potential limitation toward temporality of the observed association with H pylori infection.
However, H pylori infection is known to be acquired in early childhood and stroke usually develops in adulthood. It is therefore concluded that the infection existed before the development of a stroke. Likely, the individuals in the cohort did not initiate performance of a UBT. A referral from a physician is generally required to undergo this test, usually due to gastrointestinal complaints.
Therefore, our sample represents individuals with gastrointestinal symptoms rather than the general population. We relied on a large HMO database in which data were collected for clinical care, and data collection methods may have varied across clinics and medical personnel. This can cause non-differential misclassification, thus leading the association measure toward the null.
In addition, information was missing for some of the variables at low rate, except for smoking, for which 27% of the persons had missing information. Therefore, we assume that most stroke patients in our dataset had ischemic stroke.
Our study also has several strengths. The sample size is larger than that of any individual study regarding the association of H pylori infection and stroke. Furthermore, H pylori infection was determined based on UBT, an accurate non-invasive method for H pylori detection. 53 A standard definition was used for stroke, based on the MHS cardiovascular disease registry. 30 Altogether, these aspects increase the validity of the study findings.
In conclusion, H pylori infection and peptic ulcer disease are independently associated with an increased likelihood of stroke. These observations have implications on the prevention of stroke, given the availability of anti-H pylori treatment. 
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